MATERIALS AND METHODS Organisms. S. lipolytica Sl/1 (Cl-1) and Candida tropicalis Ct/2 were from the collection of the Institute of Fermentation Industry, and C. utilis Cut(B) (CCY 29-38-18) was from the collection of Chemicky Ustav SAV (Bratislava). The S/1 (Etr 13, tyrl) auxotroph was obtained in our laboratory. The CX 161-1B (ade,, A) strain was kindly supplied by R.
Mortimer.
Media and growth conditions. Minimal medium was that of Roon and Levenberg (12) in which urea was replaced by (NH4)SO4 (1 g). The medium was solidified with 2% agar. The molasses medium was prepared according to the procedure used at the Institute of Fermentation Industry. Molasses, 40 g, was diluted with 50 ml of water, acidified with H2S04 to pH 4.2 to 4.5, heated to 100 C, and kept overnight. The filtrate obtained after pH control, made up to 1 liter with water, was supplemented with NH4H2PO4 (0.53 g) and (NH4)2SO4 (4.6 g). The medium was sterilized at 1 atm for 20 min. GO medium was that of Galzy and SYonimski (3) . In GO-Z modified medium the amount of MgSO4 * 7H20 was reduced to 0.3 g/liter, and (NH4)2S04 was replaced by NH4NO3 so that the amount of nitrogen remained unchanged.
The cultures were grown at 30 C in a New Brunswick G-25 rotary shaker.
Mutagenesis. The cell suspension (107 cells/ml) was irradiated with ultraviolet light with a Hanau Quartzlampen. The survival of the cells was 4 to 7%.
Preparation of extract for determination of methionine and S-adenosylmethionine (SAM). The cells were separated from the medium by 15 min of centrifugation at 12,000 rpm and washed twice with distilled water. Free amino acids were extracted from the cells with 50% methanol (1:10, wt/vol) for 20 min at room temperature; alternatively, the cells were frozen in methanol (2 g/5 ml) in a solid CO2-ethanol bath and freed from methanol by evaporation, and amino acids were extracted with water under the same conditions (7) as with 50% methanol.
The amino acid fraction of the medium was separated on Dowex 50 H+, eluted with 5 N ammonia, evaporated, and dissolved in one-fifth of the initial volume. Methionine was determined by a microbiological method using a methionine auxotroph ofSalmonella typhimurium (metFi85), as described previously (6), and SAM was determined by measuring. extinction at 260 nm after absorption on Dowex 50 H+ and fractional elution with 4 N HCl, according to Shapiro and Ehminger (13) .
Preparation of cell-free extracts. Cells were washed with water, mixed with an equal amount of glass powder, and ground with 5 to 7 volumes of 0.1 N potassium phosphate buffer, pH 7.5. The resulting slurry was centrifuged for 15 min at 15,000 x g, and the supernatant obtained, containing 1 to 3 mg of protein, was used as a source of enzyme.
Enzyme assay. Homocysteine synthase (O-acetyl-L-homoserine-acetate lyase) was assayed in the reaction mixture described previously (8) ; the amount of homocysteine formed was determined by the method of Kredich and Tomkins (4). a-Cystathio-nase was assayed as described by Paszewski and Grabski (9) , using the ninhydrin reagent of Gaitonde (2 3.0 times higher than that in the wild type. It was, however, sufficient to support growth of the methionine auxotroph (metl) of C. tropicalis (manuscript in preparation), grown on minimal solid medium in the vicinity of the methionine-overproducing mutants. A rapid selection technique was developed founded on this observation. For more detailed information on the effect of the Etr mutation on the pool of S-amino acids, incorporation of 3'SO42-was measured in the mutants grown on minimal GO-Z medium deficient in sulfate. Data given in Table 4 show that, in the wild-type strain, 50 to 70% of the radioactivity was found in glutathione plus cystine, less than 10% in methionine, and 20 to 30% in the unidentified compounds. Since cystine constitutes about 5% of the glutathionecystine pool (Paszewski, unpublished data), glutathione should be considered a major Samino acid in S. lipolytica. In Etr 13, incorporation of the 3S label into methionine was increased up to 80% of the total radioactivity introduced to the S-containing compounds. In Etr 4, Etr 63, and Etr 68, about 60% of the radioactivity was found in methionine, whereas in Etr 19 and Etr 49 about 40 and 6%, respectively, was found. These results indicate that under conditions favoring SO4 uptake, i.e., from the minimal medium with lowered S content, the rate of methionine biosynthesis in the Etr mutants is 1.5 to 50 times higher than in the initial SI/1 strain.
The regulatory character of the Etr mutation was proved by measuring the activity of homocysteine synthase (O-acetyl-L-homoserine-acetate lyase), the enzyme repressed by methionine in microorganisms. In the Etr mutants this enzyme activity was derepressed (Table 5 ).
The addition of 2 mM methionine to the culture medium repressed the activity of homocysteine synthase by 70 to 80% in the wild type, whereas this repression in the Etr mutants was insignificant (Table 5) .
The Etr mutation was found to be semidominant in the CX 161-78 (ade-1,4) x Sl/1 (Etr 13, tyrl ) crosses.
Phenotypic expression of Etr mutation. The Etr mutation, leading to methionine oversynthesis in S. lipolytica, affected neither growth nor morphology of the cells. The number of cells and dry weight of the cellular matter are similar on 24-h cultivation in molasses medium (Sawnor-Korszynska et al., in preparation). All the Etr mutants were resistant to 50 mM ethionine. Etr 4, Etr 13, Etr 19, Etr 63, and Etr 68 mutants were also resistant to 50 ,M selenomethionine. Growth of the wild-type strain Sl/1 and Etr 49 was arrested by selenomethionine in this concentration.
To obtain a better insight into the repressibility pattern of S. lipolytica by methionine analogues, mutants resistant to selenomethionine were isolated from the Etr 49 population plated in dense suspension on minimal medium supplemented with 50 ,uM selenomethionine. After purification, the resistance of these mutants to methionine analogues was tested. Concentration of free methionine in some of these mutants exceeded that found in the initial Etr 49 strain by a factor of 10. The mechanism of Etr and Smr mutations is under investigation. mecBI mutant of S. lipolytica. To determine whether catabolic breakdown of methionine to cysteine could diminish the methionine content in S. lipolytica, an ultraviolet mutant with an impaired catabolic route of methionine metabolism was obtained. The selection procedure was the same as that developed for Aspergillus nidulans by Pieni4zek and Paszewski (10) Radioactivity was measured in the amino acid fraction separated by Dowex 50 H+ and in the methionine and glutathione + cystine spots separated by thin-layer chromatography. Cells were grown on GO-Z medium supplemented with 1.2 mM Na235SO4 (1.1 x 108 counts/ml). (8) .
h Methionine at a final concentration of 2 mM was added to the GO medium. in the intracellular concentration of methionine in ethionine-resistant mutants of Neurospora crassa is associated with the approximately 500-fold increase in the concentration of this amino acid in the medium (11) . In S. cerevisiae the mutants with a large intracellular pool of methionine release the accumulated amino acid to a considerable extent (5) .
It also appears of interest that in S. lipolytica, despite overproduction of methionine, the pool of SAM remains unchanged. Masselot and de Robichon-Szulmajster (5) observed in some mutants a concomitant increase in concentration of both compounds. The lack of correlation observed between concentrations of methionine and SAM in S. lipolytica might be due to the repression of adenosine 5'-triphosphate-L-methionine S-adenosyl transferase (EC 2.5.1.6); it might, however, reflect compartmentation of the transferase and/or methionine.
The lack of accumulation of methionine in the mutant blocked in y-cystathionase indicates that under normal conditions there is no significant transulfurylation from methionine to cysteine.
